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SUMMARY

Cross-flow calibration tests on fourteen perforated plates with
round holes were conducted in the Transonic Model Tunnel of the Pro-
pulsion Wind Tunnel Facility, The results indicate the effect of varying
the wall open area, hole size, and plate thickness on the cross-flow
characteristics of perforated plates with stream flow parallel to the
plates. Perforated plates with 1/16-in, diameter holes and 1/16-in.
plate thickness were varied in opening ratio from 5.2 percent to 33 per-
cent, Perforated plates with an open-area ratio of 22,5 percent and
hole diameters of 1/4 in., 1/2 in., and 1 in, were investigated with
thicknesses varying from 1/16 in. to 1 in. The stream Mach number
was varied from 0,75 to 1,175,

The results show that the slope of the cross-flow characteristic
curve increased slightly as the opening ratio was increased from 5.2
percent to 33 percent for outflow velocities greater than 3 percent.
Results of tests on perforated plates with an open-area ratio of 22,5
percent and variation in hole diameter from 1/4 in, to 1 in. show that
the pressure differential across the plate increased as the plate thick-
ness was decreased for a constant outflow.

Throughout the pressure differential range, regular and consistent
cross-flow characteristics were obtained with perforated plates with
relatively large ratios of hole diameter to plate thickness.
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Subscripts
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NOMENCLATURE

Pressure difference between tunnel centerline and plenum chamber
Free-stream dynamic pressure, pounds per square foot
Velocity, feet per second

Mass density, slugs per cubic foot

Hole conditions

Free-stream conditions

.
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INTRODUCTION

Recent analysis and experimental results have indicated that a promising
transonic test-section configuration is one in which perforated walls are used.
In order to develop an optimum test-section configuration, extension of the
knowledge of the characteristics of perforated test-section walls - particularly
the knowledge of the resistance to cross flow through the walls - is necessary.

Calibration studies were made on fourteen perforated-plate configurations
with round holes to determine the effect of variations in wall open-area ratios,
hole size, and plate thickness on the cross-flow characteristics of perforated
plates with flow parallel to the plate. From the results of these tests the rela-
tion between pressure drop across the wall and the normal flow velocity through

the perforations may be obtained.
TEST DESCRIPTION

TUNNEL

The tests were conducted in the Transonic Model Tunnel of the Propulsion
Wind Tunnel Facility, A general description of the tunnel and its components is
given in Ref. 1. The test-section configuration used for these tests consisted of
solid parallel side walls with the various perf’orated plates installed in the mov-
able top and bottom walls to form the other two sides‘. All test Mach numbers
were established with a sonic nozzle and auxiliary suction; the movable diffuser
flaps were in the closed position during all tests. It was necessary to produce
both inflow and outflow quantities of air to the test section to attain the range of
pressure differentials reported herein. When inflow of air to the test section

was necessary, the auxiliary-suction line was opened to the atmosphere, and

SH—" Unclassified 9
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flow-measuring instrumentation was reversed. Stagnation temperatures were

normally in excess of 140° F with a resulting average Reynolds number of 5.3 x

106 per foot.

WALL CONFIGURATIONS

The fourteen perforated plates used in these tests had circular holes drilled
normal to the plate. Variations in the configurations included changes in the
wall open-area ratio, hole diameter, and the wall plate thickness. The per-
forated plates extended the entire length of the test-section top and bottom walls.
Table 1 lists the perforated plates tested and the various parameters. Taper
strips (as described in Ref. 1) were installed on the initial upstream portion of

the perforated walls for all the configurations except the 5. 2-percent open-area

walls,

f’

Four of the configurations haﬁ open areaj gatms of 5. 2 }ﬂ 8 22,5 and 33
percent, The hole diameter and plate th1ckness for these g‘our configurations
were 1/16-in, The holes were arranged in a staggered pattern with each line of
holes aligned with the flow direction. The perforated material used for these
four configurations was commercially available. Photographs of the material
with the various open-area ratios are shown in Fig. 1.

The perforated-wall configur:ations with a constant open-area ratio of 22.5
percent were fabricated with hole diameters of 1/4 in., 1/2 in,, and 1 inch, 'I;l"xe
plate thickness was varied from 1/16 in. to 1 inch, The plate thickness used with

each of the various hole diameters is shown in Table 1.

10 Unciassified
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Table 1. Geometry of Perforated Plates

Hole Plate
Item Diameter Thickness Porosity Hole Diameter
{(Inches) {Inches) (%) Plate Thickness
1 1/16 1/16 5.2 1
2 1/16 1/16 11.8 1
3 1/186 1/16 22.5 1
4 1/16 1/16 33.0 i
5 1/4 1/16 22,5 4
6 1/4 1/4 22.5 1
7 1/4 1/2 22,5 0. 50
8 1/4 . 1 22.5 0.25
9 1/2. 1/16 22.5 8
10 1/2 1/2 22.5 "1
11 1/'2 1 22.5 0. 50
12 1 1/16 22.5 16
13 1 3/8 22.5 2.67
14 1 1 22.5 1

Unclassified
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The three basic perforated plates with 1/4-in., 1/2-in,, and i-in, diameter
holes were fabricated from 1/16-in, thick aluminum alloy. The thickness was
increased to 1 in, by bonding wood to the plenum-chamber side of each test wall.
The hole pattern was drilled through the entire thickness, The desired thickness
from 1 in, to 1/16 in. was then obtained by planing the wood. The holes were
drilled in a staggered pattern with the patiern rotated 15 degrees from the di-
rection of flow rather than aligned with the flow. The hole pattern was rotated
15 degrees to avoid having continuous lengths of solid plate in the direction of the
stream lines, A photograph of each basic hole pattern may be seen in Fig. 2.
The orientation of the hole pattern of the various test plates differed, as may be

noted from Figs. 1 and 2.

TEST PROCEDURE

In determining the cross-flow characteristic of each perforated plate, it was
necessary to measure the pressure differential across the wall and the auxiliary-
suction quantities. The pressure differential was determined by taking the dif-
ference between the measured plenum-chamber static pressure and the average
static pressure along the tunnel centerline, Static pressures along the tunnel
centerline were measured, usiag an axial static-pressure probe with orifices
located at 2-in. intervals. Zne plenum-chamber static pressure was measured
by a static orifice located in the plenum-chamber shell. Pressure measurements
were recorded by photographing a multitube mercury manometer.

Both positive and negative values of pressure differentials across the walls
were obtained by varying the top and bottom wall angles. Each wall was varied
from approximately 60 minutes convergence to approximately 60 minutes diver-

gence. The range of pressure differential obtained in these tests varied from a

12 - IR Unclassified



Unc!éssified

AEDC-TR:34 3§
negative value of approximately 2 percent of stream dynamic pressure to positive
values up to approximately 14 percent, Test Mach numbers of 0,75 to 1.175
were obtained for each wall-angle setting. Uniform flow was established in the
test section for each test Mach number by adjusting the suctio1 quantity and tun-
nel pressure ratio.

Inflow of air to the test section from the plenum chamber at negative pres-
sure differentials was accomplished by using the auxiliary-suction line to bleed
air from the atmosphere into the plenum chamber. Inflow and outflow were

measured by the use of a series of calibrated plate orifices,
RESULTS

GENERAL DISCUSSION

The cross-flow characteristic of each perforated-wall configuration is pre-
sented as a variation in pressure differential across the wall (referenced to
free-stream dynamic pressure) with the ratio of flow per unit area through the
holes, For various differential pressures, the ratio of weight flow through the
walls to the tunnel flow through the nozzle was determined. With constant den-
sity assumed, the cross-flow velocity ratio through the holes in each plate was
obtained by multiplying the weight-flow ratio by the ratic of the tunnel cross-

sectional area at the nozzle exit to the total open area of the perforated wall,

OPEN AREA

The cross-flow characteristics of the four configurations with opening ratios
of 5.2, 11.8, 22.5, and 33 percent are presented in Figs. 3a to 3f for Mach num-
bers 0.75 to 1, 175. In each configuration the wall thickness was the same as the

hole diameter of 1/16 in. The cross-flow characteristics of the 5. 2-percent and

SENGSRE Unclassified 13
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11, 8-percent open-area ratio walls were steady and regular throughout the range
of velocity ratios and Mach numbers. The results from the 22, 5-percent and 33-
percent open-area ratio walls indicate that at outflow velocities of less than 3
percent of stream velocity, the cross-flow characteristics became irregular,
This was probably caused by an unsteady boundary layer. As soon as a sufficient
amount of boundary layer was removed, the cross-flow characteristics became
regular as is evident for outflow velocities above 3 percent. For outflow veloci-
ties greater than 3 percent the data indicate that the slope of the curve for each

wall configuration increased as the opening ratio was increased.

PLATE THICKNESS

The cross-flow characteristics of the three 22, 5-percent open-area ratio
wall configurations with 1/4-in,, 1/2-in., and 1-in, diameter holes are shown in
Figs., 4, 5, and 6, respectively, In each figure the results of varying the plate
thickness from 1/16 in, to 1 in, are presented. The data indicate that as the
thickness for each plate is reduced, the pressure differential across the plate in-
creases, Thus, as the ratio of the hole diameter to plate thickness increases,
the pressure drop through the wall increases for all positive outflow velocities
and positive pressure differentials over the range tested. The characteristics
are regular and steady throughout the range of pressure differentials without any
adverse distribution at low value of pressure differentials and outflow velocities.
It is of interest to note the displa'cement of the experimental curve to the right of
the origin. Similar resulis were reported in Ref. 2 and are described as a re-

sult of mixing at the boundary.

14 IR, Unclassified
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HOLE SIZE

To determine the effect of hole size on the cross-flow characteristics of a
perforated wall, the plate thickness was held constant {1/16 in. } and the hole size
was varied from 1/16 to 1/4, 1/2, and 1 inch in diameter. This resulted in a
change in the ratio of hole diameter to plate thickness from 1 for the 1/16-in,
diameter hole to 16 for the 1-in. diameter hole. The results of the effect of hole
size on the cross-flow characteristics are presented in Figs. 7a to 7f for Mach
numbers of 0.75 to 1.175, At each Mach number, the results indicate that for
plates with holes larger than 1/16 in., the cross-flow characteristics were regu-
lar and steady throughout the pressure differential range. In contrast to the be-
havior of the walls with large holes, the wall with small holes (1/16 in. ) showed
irregular characteristics at small outflow velocities in the subsonic speed range.
This irregular characteristic occurs when the wall boundary layer becomes
large relative to the hole size. Under such circumstances, the thin airfoil theory
as applied to flows through such walls (Ref. 3) is obviously no longer valid.

As soon as the wall boundary layer is sufficiently thinned through the appli-
cat;on of larger suction, the cross-flow characteristic becomes regular. For
outflow velocities greater than 3 percent, the pressure drop across the walls
increased as the hole size increased. These data thus indicate that regular and
steady cross-flow characteristics are obtained when walls with large ratios of

heole diameter to wall thickness are used.

Unciassified 15
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HOLE DIAMETER/PLATE THICKNESS = 1

The effect of increasing the hole size on the cross-flow characteristics when
maintaining & constant ratio of hole diameter to wall thickness is presented in
Figs. B and 9, The opening ratio of the walls was 22,5 percent. When the ratio
of hole diameter to plate thickness was unity the hole diameter was increased
from 1/4 to 1/2 and 1-in. diameters (Fig. 8). The hole diameter was increased
from 1/4 to 1/2 in, when the ratio of hole diameter to plate thickness was 0.5
{Fig, 9). The results of Figs. 8 and 9 indicate that if the boundary-layer thick-
ness is negligibly small and the ratio of hole diameter to plate thickness is kept

constant, the influence of hole size on the cross-flow characteristic is small,

MACH NUMBER

To indicate the influence of the parallel flow Mach number on the cross-flow
characteristice of a 22, 5-percent open-area wall, the results for the thin wall
(1/16 in,) with the various hole diameters (1/16, 1/4, 1/2, and 1 in.) have been
plotted in Figs. 10a to 10d. In Fig. 10a, which shows the results for the plate
with 1/16-in, holes, the irregular characteristics noted previously for some con-
figurations at outflow velocities below 3 percent tend to obscure any variation
due to Mach number. At outflow velocities above 3 percent, the influence of
Mach number is small; however, there is a slight increase in the slope of the
curves as the Mach number increases above 1.0, In Fig. 10b the results for the
plate with 1/4-in, holes show only a small Mach number influence in the
subsonic-speed range, The slopeof the characteristic curve increases, however,
as the Mach number is increased above 1,0 for outflow velocities above 4 per-
cent. The results for the wall with 1/2-in, diameter holes are presented in Fig,

10¢c. These results show little effect of Mach number in the subsonic-speed

16 Uncﬂassiﬁed
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range, The slope increases as the Mach number increases above 1.0. This fig-

ure also shows that the wall characteristics are regular and steady throughout

the pressure drop range for all Mach numbers listed from 0. 75 to 1. 175, When

the hole size is increased to 1 inch in diameter, a similar influence of Mach

number on the wall cross-flow characteristics may be noted, as is shown in Fig.

10d,

CONCLUSIONS

The results of tests to determine the eross-flow characteristics of a series

of fourteen perforated plates with round holes may be summarized as follows:

1.

The slope of the characteristic pressure drop curves, ap = {(((Pv))"), in-
Yy,

o0

creased slightly as the opening ratio increased from 5.2 percent to 33
percent {1/16-in, diameter holes and plate thickness) for outflow veloci-
ties greater than 3 percent of stream velocity for all Mach numbers test-
ed. Irregular characteristics occurred for opening ratios of 22,5 per-
cent and 33 percent for outflow velocities corresponding to {(puv)} / (pv).
values of less than 0. 03.

For a constant outflow velocity the pressure drop increased when the
plate thickness was reduced from 1 in. to 1/16 in, for a 22.5-percent
open-area wall with either 1/4, 1/2, or 1 in. diameter holes.

An increase in the hole diameter from 1/16 in. to 1 in. for a 22,5-per-
cent open-area perforated plate 1/16-in. thick, increased the pressure
drop across the wall for a constant outflow velocity greater than 2 per-
cent,

Regular and consistent cross-flow characteristics were obtained with

perforated walls with large ratios of hole diameter to plate thickness,

APRIER - Unclassified 17
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5. The influence of hole size on the cross-flow characteristics is small
when a constant ratio of hole diameter to plate thickness is maintained,
provided that the holes are relatively large in comparison to the
boundary-layer thickness,

6. The influence of Mach number on the cross-flow characteristics of vari-
ous perforated plates is small in the subsonic range. The slope of the

characteristic curve increases slightly as the Mach number is increased

above 1,0,

REFERENCES

. 1. Gardenier, Hugh E. 'Description of the Transonic Model Tunnel - Arnold
Engineering Development Center." AEDC-TR-54-70, May 1955.

2, Maeder, Paul F, ''Investigation of the Boundary Conditions at a Perforated
Wall," Brown University, Division of Engineering, Technical Report
WT 9, May 1953. (Confidential).

3. Goethert, B. H. "Flow Establishment and Wall Interference in Transonic
Wind Tunnels.' AEDC-TR-54-44, June 1954,

18 Unclassified




AEDC-TR-54-65

Unclassified

:
5
a
|

:
:
:
:
:

ne
:
H

ck
o
o
=
~I
~l
>
4
.N
.I
.
-
.
-I

NT

1
a

Hole
Thickness

in. Hole
i Thic
:
:
:

16-in.

5 PERCENT

IRVAT S nan
6 4

Sal A WERERERI O

1/16
1/

ploscctboiofocose
JUODOCJOC A JCOCCOUOOK
OO0 JOUOUOX
? & 4§ Ieeétvidootoobed

11,8 PERCENT
1/16-in. Hole
1/16-in. Thickness

Ak

tosoes OO0
JOOCK reeoes o
seescccnccoc oo bl
rsesecco0des
>0 0000 1o 0004
» 0000 » e 0060 00X
sececccccccoel reco00s
»o00s0000000 00
0000000 ¢ XX
X X 000K
e oo o X
X X
X X
)o@ 0o > §
X X
JOLXX X X

FLOW
FLOW
FLOW
FLOW

219

ness

Unclassified

X

)

(<
C

T
o1
hi

—
1

ERCE

7,

Jarious Percentages of Open-Area Ratio

L s

f16-1n,
1/16-

l

D
1
1

-
e

Four Perforated Pl

Fig. 1.



AEDC-TR-54-65

FLOW,

1/2-IN. DIAMETER HOLES

! m

1-IN, DIAMETER HOLES

Fig, 2. Three 22.5-Percent Open-Area Ratio Perforated Plates with Various
Hole Diameters




A Unclassified AEDC-TR-54-55

'i--w.—*,
T = t — L s, & .. | J___-*__._._‘- _._—1
T (sl gt RIURE TR IR <Y ST N
k 1 1 1 - i o i | - ,--..‘-- i‘ : 71
= L S e L TR PERFORATED - WALLS s =4 w}xLL-cgptzN--AREA—;—O)o
~ I/16 IN. PLATE THICKNESS ot T T o e i (2 ]
i _ R l/l6 IN. DIA HOLE B | i i ;
| %
L L —12
b
T ’ _]F
{ " S
b —E—I0|-
(T8}
m .
UJ‘
[T
T
8 3 Lo tee
= + w
| (o'
S § L
=l | weiag
m"T 3
Q. L3
e USSR sl 0 i
=i
.- < I. b P -
= TS TL. 7R

| /7.02 Thaal T gekd 08.-_.__J'OT_1’_,.|2__§<~

. Mmass FLBW— mo—_{ Py At
1 R A (PV)
| .! o e
! : . SR
BN RS R AR RE e e
Lt '1‘§-_. ""“'fi__«itjm
' i RS

Fig. 3a. Influence of Wall Open Area on the Cross-Flow Characteristics of
Four Perforated Walls with Open-Area Ratios of 5.2 to 33 Percent;
M = 0,75 Lin

‘ Unclassified 5

U i



AEDC-TR-54-65 Unclassified SUREHTENTIRE.

R
O B B o i
3 4 -1 i
——“__ l‘4 5 e e S B P R L h
=) i AL ot
= E 5, ik
Es e
- : e e
VR E
""" 3 1) ] FREE [
BRI R 141
Z; _ -_i' E : - -
i - e =
P i 1”12 =
= =Rl d it
: < g-‘i :
= - = R
- q H
= : = =
— = i
W
= o
T

Fig, 3b. Influence of Wall Open Area on the Cross-Flow Characteristics of
Four Perforated Walls with Open-Area Ratios of 5.2 to 33 Percent;
M = 0. 80

29 Unclassified




Unclassified

AEDC-TR-54-65

Ap
%o

ENTIALL =0t 1|

i 10 () e

R

(il
®

RE DIFFE

1
r

|
i
il

"VLAL-.L P

§-==
=
i
|
|
|
1
= e
'

Fig. 3c.

Influence of Wall Open Area on the Cross-Flow Characteristics of

Four Perforated Walls with Open-Area Ratios of 5.2 to 33 Percent;

M = 0,90

Unclassified

23



AEDC-TR-54-65 Unclassified ~

ik S CHEE R
_..1 2 [ SRl e ] MR Y [
R e
R o e e e
!:::' ;'.:- E =
i gt
e _..JTI. -—

I p pided ISeS) b2ve] B2

= 39 e iy e Lo
GEEECES RN R 5
3 L Q=

i ) R e e
et “J}t;“_ aaH B2

i b 5 “j == _:_ e

SEEEEmETS R

L B = B

‘J e

i g =
iR SEEE

_ 5 ?r';‘_‘f ==

v e

T I o o

SR SRR B
] b L e '

= ! i B

_'::.3 e+t l =

Fig. 3d. Influence of Wall Open Area on the Cross-Flow Characteristics of
Four Perforated Walls with Open-Area Ratios of 5,2 to 33 Percent;
M=1.0

24 HANRIITIE

Unclassified




Unclassified AEDC-TR-54
16 PERFORATEDrWA =S -
I/16 IN. PLATE THICKNESS : l
1/16 IN. DIA. HOLE | Lait 1T I
WALL OPEN AREA-% . |
14
: 12
= 8
Sl
T
g
‘_
>-—10
L
x
_w... =
w
i
— o - 08
w
(Neimy
=
n
ot
R
===
RS
I
2 04
06 08
(PVIn '
MASS FLOW RATIO, V“ |
(AVia
T —00 = AR
i » ‘ i I S R = e )
{ B JLE | ; | LB i - I
Fig. 3e. Influence of Wall Open Area on the Cross-Flow Characteristics of

Four Perforated Walls with Open-Area Ratios of 5.2 to 33 Percent;

M =

Y 1

O ERT

Unclassi®

-65

25



AEDC-TR-54-65 Unclassified FORNUTNTR.

EEENET ST
Shpe mn ‘ -
| o] By - pekss 3
| ~ n : -... — » '.'.'.<
' _4[“"* 5 ST
G ZiEiE
i et e =it
S E s S
it
"ft_t S5 s o T -
z cr W =13 e 3 5
T | e nammn ey 20 to bt
B i e =
=5 O 5EEE T e e
o R
T 257 Sran o
- - e
i - ‘;-:',,“.
S
4 raaa BdE AZeed sewt, - s o3 = iITHEE
S =g ==
i 4 § T | '
-02 | £ s S s
HHER S e ) e HER Gl =N e
S A | EoreE Lo e BEE .
’ ‘ _' i 1 I i l o | | ‘ i ..:' = i
: : -De ‘ , 5 S i Bl :
e h___;_______é____+ £ 1 _}__ = s okt M I l . i I = reties -
I e e B
1 et | S L BT 15 L3 ]
B R iR e 30 v | | T e b33 (85T { :___i;'
| i oEE e SRR T
AR B e S
1 | e P i
2= s a2 i i o oo sl

Fig. 3f. Influence of Wall Open Area on the Cross-Flow Characteristics of
Four Perforated Walls with Open-Area Ratios of 5.2 to 33 Percent;
M=1,175
26

TONPIDENEIR:. Unclassified



Ap
qan

Fig. 4a.

WALL PRESSURE DIFFERENTIAL,

o

O
@

o
®»

O
IS

(@]
no

~0e

Unclassified

AEDC-TR-54-65

PERFORATED WALLS B
22.5 % OPEN AREA i R e
I/4 IN. DIA. HOLE £
PLATE THICKNESS T e
1/16 IN.
/4 IN. R
=
g S
0 T'—~
/2 IN. ;
$=
AN e e S
3
S
i |
M=7E
04 06 08 10 2l

B S s - Pv)
MASS FLOW RATIO, <ot
V)

Influence of Plate Thickness on the Croess-Flow Characteristics of a

22, 5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;

M =0.75

AT

Unclassifiec‘

27



A LR = Unclassified m

g = . -~ —
I l | j i | + 1
s = et == = e — - P R A
| | | | | s
P, - o 2 o 41 : .
i ! 1
¥ Al 3 __|~ ; 50 £
EEma T e ¥ y 1. T o = g | { ] !
¥
4 . {

l éxl__3_.;0;__}.__PERF%RATED-WALLS EHES e
o / ! P J I LA S
LRI e
A : s RSt
i 1
Lol

e e r\mssl FLOW RATIO_(_V.') i 2T oUl IR
: ' i f ~—I-,02 'l ! ; x ‘ T = i i aol : :?~
e M e o Sl SR RS S mem el e i A v b e A dtigd
s S o T R 5 R T 0 o
= Y e s T e PR
N o e R A e s R e R R
ITh :__; . | . £ Jid . ; ; 5 L i gl : e

SR e S R e e O g o e AR =
i e P e e e e B P 2 R e e e e O R
L] ' = v o e | BRIl ST R

i ] ! . 1 ' ! ‘ . ‘ ] K] e : " ] . !
1 ' {

SRS e e e e

Fig. 4b. Influence of Plate Thickness on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;
= 0.80

ANETTEN Unclassified



w Unclassified AEDC-TR-54.65

12y — - . . PERFORATED WALLS ! |
22.5 % OPEN AREA §
I/4 IN. DIA. HOLE

<‘]* 8 PLATE THICKNESS !
O TR V] B2 0 SV A
e id ST R

I/2 IN.

|
WALL PRESSURE DIFFERENTIAL

PN,
~02 t = 90
Dy . . 06 3 10 12
PR : i
MASS FLOW RATIO, (pY) !
_02 (e ]

Fig, de. Influence of Plate Thickness onthe Cross-Flow Characteristics of a
22.5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;

M =0,90

Unclassified 29




AEDC-TR-54-65 Unclassified “

__4] i _g ST Dol l o T . | f | | | .
"N il | , 1 N i i £
RN AT RS S BN = [l
; | {4 4 . i e I
R i ARES B e o
AR

e ;:_-:j@:;1:§

———s l_._ S 2-me tames sra ol L Bt s ekt AL bl g A

i
; i
T &RFﬁﬁmﬁl e o
=1 oS = etk (o3 EEL_ $i i l ! s 2t s
e ._/4. IN. DiA. Hou.s i Rl = HICK! 3S

ru;__

'
¥ } |
$0 AR E ] s o S i S T =N
1 1
|
'

{
Alpil i bl
o
A
A
<
e
z

S
e S4B

AL,

|
i
|

ol
i [ERGH

-
2
w =
m >
' | e e
S
: [
i [ =
: =
] = 7 mE
: 0
i w |
: -
: A
FEEE
s S S : -
! | b
""""" Z02 1 . > B
| : (o] .’ ‘ —=:}
| i e S
=) S o b d= 1
o1 } i :
! k. | :
& et ':
| E | B N Pt S bk s 2
| i | j5d | : B
bt i ! { [ b . b=t ]
I: E 5 S oo ey i i -
: | | 241 i : |
: i H S =
T B S R s Sl e et e

Fig. 4d. Influence of Plate Thickness on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;
=1.0
30

RN Unclassified




Fig. 4e,

Ap

WALL PRESSURE DIFFERENTIAL

R P

-02

Unclassified A

PERFORATED WALLS
225 Y% OPEN AREA . HERAS e
I/4 IN. DIA. HOLE e e O] S st

PLATE THICKNESS ua e
lfls IN. ! L. — r._ e e e e

_i/a N, | B
V2
T el ] P |
bioes i s
] i
| et
. .__.1___ = el

06 | .08 MIEEE AR
(P"'}h L2t ] Do =1

MASS FLOW RATIO REEE |
: i sl . (P! s o e
| | |
0 R P |
i |

Influence of Plate Thickness on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;
M=1,1

33

WIRFIBERIAR

uUnclassified



AEDC-TR-54-65

Unclassified

i R ! ] 1
! : i : -1
e e
L WE . =4 e ; L _,i i il P ! | i I
ikt i RS RN ER IR
= o ! e i | 1 ! i [ ‘ i ! :
A § $ | i 1 ] | :. EH : L
e e e e
-—42 =0 _.PERFORATEO WALLS = x i ;
R -t ' _;_,‘_ . 225 % OPEN AREA.__-~*._ O S 35 e g
. ~1/4 IN. DIA. Hou-: il e b s :
E—_T—_‘ LQ ; =T i S = = = T
Tl Q. ESS- I (Ee |- £ : f:w‘._}._.
] el it jra
—lfle-‘N a1 : - ! b <
e e e i ey e e
e e P e iy
o =it
l |
LTSS j
e :
R E Y e B
i = R Lo
=t ptE it g s
S AERr T e b ol
i Ee A =
5 R =
= e
et 2
| ? | { Ee
—T] : ) S
I | =l b
i [VI Tll75 §
| ._— .

Fig. 4f.

= SHE: ﬂ“} =
\PV)h = 5
(PV) sriE i S
Tk f i
e = = i
=l =g !
e SalE ok e
[E3E i |
BE iy Sl A
R -3 e P M

Influence of Plate Thickness on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Perforated Wall with 1/4-Inch Diameter Holes;

M =

32

1,175

_Unclassified



Unclassified

m AEDC-TR-54-65

R i 2 YR A SE P i Y

: O 0 ous 1l s, I8 o N ks *
1 . PERFORATED WALLS . . Photeds o8 | :
v 225 % OPEN AREA | PLATE s E

_1/2_IN. DIA. HOLE IVATSM | D RS S

A

WALL PRESSURE DIFFERENTIAL, P
| ) . o
| o)

07 7% i ] |

06

04

i
(0]
o

-02

06 .0 5 D RS | & S0 S

%I B I Y% V0 e R M A P
' R B T s el g R e O e T

ST 0 Y X SRR by BICIGS o Fop S Sy O e

W3 R
B Shy (IR SRR T RS | Y
¥ =% h _'t]" l [ P
SEREEaE=saes s RusEE RS EAEEC R

B T S ol B S

“ i 125 i

Fig, 5a. Influence of Plate Thickness on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter
Holes; M =0.75

33

_ _Unclassified =



AEDC-TR-54-65

~assified

Unclassnfled

WS R DT N T AR T FEEAT
L] T R ER R S
e — e ey P e — - LR ] ! AL b
: ‘ SBY R REHR R s
3 e _'! (T R ) J 3 i ! f R
_, : ¥ WS l o ettt | 3 _...:_ ..L. e _}t =
EHEREE R O ) P O | i R
__.---.; ] _l__..'._ o T J_,- el 1T | } ! i._‘___'.._‘-‘._ Q; ._.....j.: X ! i Ees ::_
f ST I—PERFORATED—WALLS el s
S e S . 225.9% OPEN AREA | 1 | | | ST —4{%,‘
: 1 1 H = L g
e V21N DI HOLE Lol ael THickNESS ot
=t BRI = el i Pt S e g U L4 5 | e T HE ol ! e
B e i o A B T A B | : . ] ! | '/ NG e =
B E e s 1 R e T
PO == ? -ﬁ*_‘ Fe ;_!___._ o __.. _:.._._
i l it 5 5 y
] R PR o — T
bl BT |
By
T 0 o

BRI
a4 T Sk Y
A J_GJ) Cad
| @
t m =
_.“_,._:_ a. e
221 R v A :
| FFe= =
4 '_’-'gT . =
: 1'92* : . : = ?-
§ i TS A i s 5
' Py = L 1 t
S
_ .06;_i_._.<_3§3-l 0 0 0 R 2 e

: el : : i
= B i 5 :
R i A :

e R R
B

Influence of Plate Thickness on the Cross-Flow Characteristics of a

22, 5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter

Holes; M =

34

0.

80

Unclassified




Unclassified

AEDC-TR-54-65

f i ; : * 2 — ,.,
g : O L T T O G
* | | i z o
et i ] gl Ay N 5
| e e b et e
— ‘ = ~} Ay - - PERFORATED- WALLS ——— '_..--.1_ -_!_ ' i =
! == T ¢ LS IS . 22.5 % OPEN AREA | 1 3,__-[ x -l
4 | .| /2 IN. DIA. HOLE | T ) e e e e B
ek T =TSR T | I % ——[ l [ _”; =
B e T = il o el bl s
SRS Rl S ) l : ‘ | PiLATEL IHI(%KNESS- 2 e A O e
H ! I i 1 { i o
——— ..f 2 A_h.i - l 1 b/ ‘ e B 7__ __%__“ |/16°|N1 1 g .L-.:¢
. _qu ’ I : i 3 .—_l -1l = l t
I = i N l
— B0 r = 1 =
Lt = = == 1 I 1 S 3 ]
[0<d t i 1 =
sEEmEToE e o e
4 T - —_— S T T —
SEERCE e <2 A S S
R il Bl = e e
' o | p 1
| I I Lt :
=S, e 92) ! ! el
) I_U) | 1
7 —ul : - —
I | Eeia et
| H 2
l : ! '_J S ! I
RS e R dR ety e e
s B aEE
i - e
.

L 1 e

' ' Gl P
i - : | |
L =02 M=.90 e

i L | 8 L e R
T i : MASS FLOW RATIO | i

ok Miei LSS | (V) | | =_ =

’ : ! I IE ' £l i |

AR | e
=] e e e o B e R { B
[ TeEEE ; iR e |
] T e o 3 g 1 — iy ST
SRR e e e l s

Influence of Plate Thickness on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter
M = 0.90

loles;

Unclassified

35



d

ine

Unclass

! il ik AV_“ IR
“”n - ,_ : ] .‘ { | w26 1 d
i v _ l+ 33 m : 1 et ..M ! - .m
el i : | R R R B E =
= ” st B e g v b N.lm e _. 0
it : ClE S AL - - o 1AM IR = )
NI {xy| FERLLELHS | I 4 R0 ERRRE P el A R 0
T v e R B T T TR 1 g et gt o 0
) i i - {E bl PR } b4k [EANELREs LA i ¢ 1ol e ] e [ ]
d T o I ; i : Q_ ﬁm\ ans e
Y PR $PRE MRS SELEN ESSY SHR08 PERAS By, o ST TR BE el et T e B - pe - 5se- Lo by : Sl
ERE : &
[ ! j V H v-“
8 & —.c ”.H. lfflllolc - 3!.../0 m 7
» | m z _
R . ~

EA

1
- SLTR
i 1
Hoset™ ©

A
E

.
| %
1/2 IN. DIA, HOLE | |
I
4'.
%
!
|

]
wm%n.s_
PLATE

T

‘a_OPEN

B

ATED

1

_MASS FLOW
|
-
}
I

|
Rl
PERFO
225

! 4 e e fesaitah LLbHL R AT
1 i i i i
1 ! bl CEEEA GonT T Y o
it I G ] i o
1 i H 1 =
1. l—- e EEEe T B B e e ot 13
i ; i ¢ I RIS i o p
SO B S o ——— o
h q 1 M
eI | el
“TwhE " i7 wlu.d L i ST E
il I

Influence of Plate Thickness on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter

Holes;

08

el ey

AEDC-TR-54-65

: =
;._.: ___S -___E_ -

. : (o

L

a

J

| T

a

= |
|
!
l
!
Fig. 5d.
36



p
(= =]

WALL PRESSURE DIFFERENTIAL, a

|

14

(%)

o

08

- 06

04

Unclassified AFDC-TR-54.65

PERFORATED WALLS - R

22.5 %, OPEN AREA | : ] |
\/2 IN. DIA. HOLE | |

PLATE THICKNESS i o T 9 P

Ve INGT = N s s S

\

1 =3
e el Bl oy 5]
==
: WEES S
- ]
e o
|

Fig. 5e,

04 06

MASS FLOW RAT|0 (P“)h-- e AN

Influence of Plate Thickness on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter

Holes;

V=00

m Unclassified 37




AEDC-TR-54-65

L,

L ogt=

Unclassified

. .t
f A T

i - B o A e e = SR
. l LEl
i -3 — : - .i
| I 3 IR
: Lo Bk | St
‘__-_'.1 == =RE 1 S [ = : [ -
' { l ] ' 1 | | '
Loizs el e E _.,_..__JI
PERFORATED WALLS -~ B
22,5 % OPEN .AREA A b
TZATACT AT l ==
! : , | == )
~ PLATE THICKNESS - l j-"““{ _'4‘ o
o o g S T P R YT | e v |
il 16 IN. | 3 HE 5l :
=S | ' =
SRS o B e e e
B i=GH =En
S e
e o
o ! . r T :
i *__ AR LT e S EE
——— I‘ ‘ ._
i FEATES IR
=
= I_ i i =}
; L2l g

= ~SE G P (IS

(Gr,;—

! : ' | i
.» i s MA—SS FLOW RATIO, 5 A
E i = w--_i ! !
e Ly S PR Dl 1, 1 ke A 1—1 A
L RN AR TN T i il L] [Cigs = DI
' L sl e S L
BT IR SO SR T ol e e S WA
. ' | e [ FS
.__]. ..L 3 B AR : b ‘ ; =) ] - ‘
| | |

Fig. 5f.

Influence of Plate Thickness on the Cross-Flow Characteristics of a

22, 5-Percent Open-Area Perforated Wall with 1/2-Inch Diameter

Holes;
38

M =

1. 175

Unclassified



Unclassified

PERFORATED WALLS:

AEDC-TR-54-65

12 .t A
22.5 % OPEN AREA |
| IN. DIA. HOLE |
2 | PLATE THICKNESS
ald & /16 IN.~ /8N |
)
-
= =
=
& 08 :
==
T
W
= =
w
—E—+06 kS
=
9]
)] i
W i
(v
a
=5 04 —t—
=l
<
= i =) Sl s
02 ——
-02 S EAFTNR
y 02 04 06 08 10 12 |
o | !
/ (PV)h ‘i
MASS FLOW RATIO, I
-02 (P¥)en '
|
Fig. 6a. Influence of Plate Thickness on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;
M=0.75

39

Unclassified



iIfied

Unclass

AEDC-TR-54-65

‘D
1

i AR
=

ooyey

) i R 1 1 ol R ] e e R [ L
etk MR Halkhy G oalb i
ol e i N . .
: o W LR Li! e T.L..
VL Elas T 0 (o A B T T et e e 0
T ,..n. I L LR
1a ,ml; w._ § st d ”EI Ili 411
.. S8 bl iaa ikt
_ f O o
il a5 "“ a8 R NBREE i H. i .Hsl.m .\r’m"
=i il all) ; gt ol | n ;AUI lm.v,.”
A At -t
AELTEA by e »z.m o e if] _ o ..TIH,!
Lli._w. e - et g
| g w ,. fil |1..!I. ._ : i iik it ...w* .1111
e I T
. . 3 il | Al 4 T
l-.u w B MII. : / [ EULE R et
i |- Jh 1 e
il .ﬂ ! . 4 “T.
o :
R - 3 Ilom .nlaﬂ i ¢ :
Ly | o33 | + “”.."(
AR A

Tl LLLTLH
] A in
...m{ S _ _I
ﬁ.an.- it T I i A
H .. L

Influence of Plate Thickness on the Cross-Flow Characteristics of a

Fig. 6b.

22,5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;

M = 0. 80

Unclassified

40



o) et Er gy

SOV Unclassified
” ' AEDC-TR-54-65

£ 14 PERFORATED WALLS - : -——-—
225 % OPEN AREA :
| IN. DIA. HOLE PLATE THICKNESS

——1/16 IN.

Ap
Iqm
~

10

.08

06

WALL PRESSURE DIFFERENTIAL

M =90

_ % 02 04 06 08 10 B
=3 - (PV) L fegt

MASS FLOW RATIO, —
PV

: - -02

Fig. 6¢. Influence of Plate Thickness on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;

M = 0,90
h Unclassified 41



EDC-TR-54-65 Unclassified LOREBBNIE

|
i
|
' |
I I
i
i~ "-—."—L"'
i
-.]‘-
|
|
|
)
i
— b b

] | !

i T hat +38 7 —-4'—._'—'—" 1 : =

] i I

4 g =SS S I g i e —
34 A=

e 5§ FORATED WALLS | MO S L9 B e

Fad . L | 225K qOPEN AREA I‘“i"‘—"‘r'“’ B RIS s P =m e
|| )N DIA HOLE' L e a8 i BT

: i i = soof G DV IS S e

HEia —-PLA E—ﬁmcmess- HPEtech el

e e ? l. e e N o oy o B e e
f i ' =

1}
e

1
i
Ll B
+
1
‘
!
3
+
|

|
j:
ig

|
A
' q
i
4

I
!

l

+

!

il S e
4 It

:

ot

i . S : l
T i i e e s EEEEEE

= i | o ok e (e 1 gt A sy e
R PR T s N B
| AR e e o O e N [ e e ) o e
‘w-_, EISE T e : joat b= f;_%- A L_',,ﬂmf = §j:: e

el =S Y e e e RS R !/L_/} 50 5 e e S B 2 o e B
iy o B e o s I Rnks / /_‘_ T & S i
U Rl - ERES T sk /1 == J; ; 5
ot i == -“ i 2 et - :' ] JELREE SRR - |
' Saghet S | - = z
' N '._I-7. =R R aEE e
1 el | 2 Snea i = i e o Bt o e
il e Ay T B ] ! b Ty paen Frosboe
g . e
i , = 'D!A . / e i L l i =i

e ek A e e e

; R -i 2._‘!'_::3:_ gi .—; 3 !
L iE 1 | e R
e i e e S e i
P e b T -r e
i 4555 : ; b i SEIES b e e

02 i GRS N BT A1 X0 R
ety | 06 .08 ! L IO ot b2 e
' e O R G - . :
. s e
B e g aNEs R e ey R s S R
g T T T e L PE L LT
R A, A e Ly 51 == 1..;-.5 S e e gy (B B et i
o e IS i T PO iy (s O IR el o oo Eii £ L v P i RO RO L0 e o PP o ol e [ ot
S e e T i s F
| IS [ | e R R R e e RN B =
o] HE I e o o S e i 5 |
ErEEER o R e s B PR

Fig. 6d. Influence of Plate Thickness on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;
M=1.00

AR -
Unclassified




Unclassified

AEDC-TR-54-65

| BEEE R
i - ; = o eI |
jo i 2 AUis. " § sl | 4 et L H R T s S W L ) " ¢ :
e LT S ML PERFORATED WALLS-+——— | —— - : -
| | 225 9% OPEN AREA | b AR
3 e il SE Troie U MWD HEEE e SR o
(LS el £ *_ELA:T_E_.THICI:KNESSJ';- 5 3 Yt 2050 0 A
At porde e S et e 5 ' R R SRS P S edd el i
P e A R B = mE SN R e
! —;._i | ] ! E—i ; BT —!—' o _:- RIS ¥ 5
i g j g dma b P I S S i TR
BL R A s e e EEE
Wy i=b : : e il
St L S st e
R g 2 B = AR
M= T SR e = '

e
(0 o4
34
| @ -
ERrEnT S
i T 06
< ol O ]
b . 1 ] :
| 1 l._.._

—— e

- !WAL

|
-

—
I

R e 2 —02

Lga

06

: S aSE S aamt wee
MASEEECOW- RITio seiaal [ HE T A §af
® i ST 6 N R [ T #od
s e R e ol A
Il : ; ol 3 e
| S VB s e P i P B
| = e e el e
| R R S e T S = e L) (R o O
s oy 505 '_ iR s ol
— : ] ,

Fig, Ge,

Influence of Plate Thickness on the Cross-Flow Characteristics

of a

22.5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;

M=1,10

Unclassified

43



""nclassified
AEDC-TR-54-65 AROREREENG |

Unclassified

1 1 T Rt 1 g ST | aad 1opit I RFIHTHT Il e T T IS (AT il
i s Sen i T iAMDY 0TS Y IS0 G G Mo FEOW i ot [l R o i ookl o o e [ e
g T PEOEEY e EEmeg Rt T - = = g = % g g rEwrd — - fe - 13
; i |
: : - 1| ......

gL L A

NTIAL,

e

' RE* DIFFER

= (‘;S =

= 4 EI .'.‘.", i
= i S ENE =
0 T '
e :' 'Zi____l._"':_' ;
: ( 4 i

|
WAL

doid
- I hibg $ad 1 ol * - . . ' e 1 Aafgonn H ) M
P - -+ IHERY FSay., = 4 = b 554 b S ——pe - e

; e

i g Pt

i —— e :

4 : 5 : i
Rt PR 1o = i
S :“",;".02 i : = !
=1 Pt =3B W’/ -
=1 2= ]
= EE=E
EEE i
N e ! 1 ) 1
RS S e o e el !

e b

l ....i.'ITT _'é - -;-;IT

S B

T ‘_._:f 2 | :
cEeE ey

Fig, 6f, Influence of Plate Thickness on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Perforated Wall with 1-Inch Diameter Holes;
M =1.175
44

DONFIDENTRL Unclassified



45

i
4

T

1
._%. 3

d
———d e T

Unclassified

G 5 8 B _
& W8 ik
= | _ |
O [N e
o E! ! . —
- _ i
‘ - .»M.']
! 3
O S s
| - [s o
| | w ”
_ = R T T ] =
P g Tk 3 Mk
| s 2 dl] |
e » ot Jllm p
A TR el
I o R o e
| [l R
il 5
S T e @
,_ I I ]
1 t R i w
n X o
e TS e i =¥
= 3 il a .
0 foip e e SRS AL e
7] oD v
[7p] | R € B e - _.. - <L
5 ks 8- ﬂ =
=] P ) TESTT i e
! i z e L o PR S | - =
[ | _ { . |
H a1l P il * Al by L w. _
,. ok L gl o3 *
} A . i . e 1 e
—_—t l_ i: lm . ~c ‘ 1||vw.4 fad| CRAE Se—a .m< _ . _ .
2ol i i | |
1 | ! o } D | s o} 4 ” |
JRIEIREEIRREIER Y TR
d e s et e i & 3 :
“ ool al.“ ILN3H34210| 34NSS38d 1M 11 o
! ! ; \V/ * | . L e | At AN | Tl et ] 1P RO 2% UL RN
o R T [ e I BN i i 1] == (@)
| RERGNE i
13 : | | ' ¢ 1
A8 | :

|
i_,L I T 1 0

Influence of Hole Diameter on the Cross-Flow Characteristics of a
22,5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M = 0.75

Fig, 74,

‘
'



d

ine

Unclass

AEDC-TR-54-65

R T R R TH R e H B R T Rl E i
5 m 1! ..ﬂ” .l__ _ 4. B ﬁl b m :
i i 1B S RS i Hl ERE Fi Lidf
5 D ETH RS EERTTT ITE : i
5 n (R el L THlE
T AT L SRR TTI TR gy it
T [ds g ¥4 bk mV»_. fil
HibET e 1 iR e Lot e O el
Rt 1 [0 i B _ TTTEER] RS AR [T%d O S
i T . Dot W T [T et
TRl | Sl 1T
. S TR" ) % A it
. 2 > drrfitt
T.|“|. e O T 1
; A o Yt |- i A Y
e _.00 b 4 m i . g |
i T-I 4! i
2,0 o R iz
Cre) =S1=E 8 4
-ﬁWv.. : - 5:
L ” 11148
Lo, UL il B
24 i L
*k m a1 T poe Ui
w i E ke
) Indidh:e {=y] ¥
poe - o — -
Tl
| 3

DS
~i == -

......

it |

Influence of Hole Diameter on the Cross-Flow Characteristics of a

Fig, Tb,

22,5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M = 0. 80

Unclassified

16



hsuna s O Unclassified AEDC-TR-54-65

14 PERFORATED- WALLS o e

1/16 IN. WALL THICKNESS HOLE DIAMETER.
| IN. i i j
a 12 e
e
- g’ WiNT 7 —-—_"——
—
5 40 1/4 IN. |
(0
(V9] = LML i
L '
L_L s
sk = Log s
(V1]
o
fote L i
)
9 ..
x 06 - 1/16 [N, I S e e ey
a
! P e |t S Sl S s RIS S STV M E LR el PESIT
)
g |
= 04 i
02
Q
=02 Q M=9
—0On-
% 02 04 06 08 10 S
NI » .‘(pv)h < S 14T L
MASS FLOW RATIO,
L] PV i 1
02 .
| R o L =i T R S

Fig. 7c. Influence of Hole Diameter on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M = 0. 90

Unclassified



AEDC-TR-54-65 Unclassified B i atian N

_ | 1
1 | !
ST 5 3 2 T T il ;
: | = Sk st
e =l - = Y R TS 1 e

o L O NP ;___.L_meonhr Eandias i ] | -2
PRI NI SRR S R ) WALL THiokngss LTl Lk Bl
R 0 v ) i L S P P aox_s' mmETEn__ﬁg; S

|
AL,

|

|
RENT
o

o

|

e L

_Ii:).
@ |

|
|
SSURE DIFF]

FRES

.+ i

L

-

Ha Rl

ALL

s34
g

l
e,

|
''''''' -02
: |—ﬁ

i l._; I i i ,!.;_-'_!,"l el

ik {22 RN T e e : ' 1 I i ! goe ey I
SR e R R - B ESE e

| 3 | | o
1 ! —t = =

| EiEm

Fig. 7d. Influence of Hole Diameter on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M = 1,00

48 Il‘

Unclassified




|
f Ap
WALL PRESSURE DIFFERENTIAL, g
i I w

o

Unclassified

PERFORATED- WALLS
I/16 IN. WALL THICKNESS

HOLE DIAMETER |

1IN,

AEDC-TR-54-65

Fig, e,

3 1/a IN. PSR
08 /2 N, R i
- 06 e

/16 IN. ST S

04 — et x  E

i =i =
02 o |
o M=11
06 08 [N
P T |
MASS FLOW RATIO |
il 7Y%

Influence of Hole Diameter on the Cross-Flow Characteristics of a

22, 5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M = 1,10

Unclassified

49



AEDC-TR-54-65

Ap
‘a.

!

Unclassified

: e el L
! ! =, : 3
} R y ] o e

' 1 ' il 1ee

R i ey | =3

: T A

! S e =

Fp =

e = I ] 1
I Sog il . g
E. 3 : S L e ELTOM e
4. ) = oy Jise L T ES iz FE
§ AN e l' l e abl T T am f = ST

|
)
&
t

___PERFORATED| WALLS | _ . 1 | | . z

1/16 IN. WALL THICKNESS S| N e~
i A
bt HOLE DIAMETER L%

By
1 == S I 2]
ST S
L L = ' bt e ST . &
& i i e s e Rl
— o 1 L --—LL 1 | ¥ . , ! 1 Is Segelt 12 _l - ‘; = _l
e 1 [ ‘ : LZ_jN 5% i Fag = = ¢ ==
- Y I I - 4 T — IN. | C e e
j i i 2 l ‘/IJ | ] e e Ry (e
= '62" £ 1/4’*]"\": ! _.3;”‘—.: = ,_...—t,: 7‘ ';}_‘.TT .._,
itk - S FEESEEEEREEE e T o
W 06 S swa SR
HEETS. g s tnmWElser e
e e & S 1/16 IN. 1 , - j .
=i f R E
g | et
T2l R o4 SR s ;
. 1 | i i 1ot
— T Bt LRES I p } : ! i ’:~ b=
= :
1 - it s
5. SE SR . i |
i i i T
! i

A MASS FLOW RATIO, i S
ot . -02 o R e L T AT L R (Pv)m t = ‘ !‘ Sz,

[} i { -‘l 4. ' ;——T

1 L Tl Wik & % 50N 0=
<8 3 = = Sy SRR T " TN & i i

Fig, 7f.

50

0/7 o 70 il GETG 0B SnlSy gas el DI JaE g e
o A Lo

Influence of Hole Diameter on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall with 1/16-Inch Plate Thickness; M =1,175

Unclassified




Unclassified

AEDC-TR-54-65

Fig. 8a.

A
_ i | Qe
i : ] : ! pesoles et 1
o é-~.|2 ~—~HOLE DIAMETERX—PLATE -THICKNESS s _“j
-J“' 1 _', i
= . i
e SR —_ |O 3 feo=—n . gl = 1
m 72" X 172" ' I e e
n | e
5 o 08 [ = e ey
EL e & oy Sl
| p ) / | ! | -
ﬁ _' | zil =]
i i : 1/8" % 1/8" B
= . _’ S S - _— -
- i 151 S5 = i
—3_ 064 = [ : i |
| -
F VAT _.02 3 T "'__“_ = -1
-02 M=79 |
r ? : DAY SO ¢ i 7Y | I s (9 DR
MASS FLOW RATIO, =% o
S P 1 N —= Pl | st ___
o B G
' | 5
+ -— ———— ——— ——— e s - o ; ———— ——-——-&——.——I— —
LS e e 1 %_..._1:1.1
. S AL P . £ N, £ il l LA 2 4 |

Influence of Hole Size on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to

Plate Thickness is Equal to Unity; M = 0.75

Unclassified



AEDC-

TR-54-65

Unclassified S

H

'

]
g o}

]

‘
. H l
—_ - |
i !
T

Ap'....:.__
]“ 1

I

|

|
AL,

2 i st | |
=S
i

“~ WALL PRESSURE DIFFE

i e
|5 1
- i 4
. i
i
T by
 flo
1
s

52

:!..: ety = ST
g ] :  Eped LTS fasd pyts toprlt PESEE SEEEY P ool EERAS faoes CRESS IS L3311 kvt rss IS : : :
';-. 1 i ..... BLa beedt IR LT baThs St e g FE0 bebm 1= vay o a0 530 00 sie o 13300 i 200 B
=EEmEs S e g ; wiis

Fig, 8b.

Influence of Hole Size on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to
Plate Thickness is Equal to Unity; M = 0, 80

{HNFIDENFRE: Unclassified



3 Unclassified AEDC-TR-54-65

i A e : ]
)
= ot 1% 1 4 |
wied T : ]
I [
——— - s «o—:m—o-—-.-!————-;-.l—-
il N1 | H o [l | Er

| . | & St 1 3 J', 4 e !4. ~.
P o e NOLE-EHAMETER !x PLATE THICKNESS i S

' ' . g dT L i— "5
DR E H . l - .)-.«.i i 3 1 etk I | v LA ' = LM ._.i
. L AN | SR .= o % 1 : =
= I ! ! & 7..‘-_..._ p— |

T——.——d o ———— ——

i
Ap
g
i
|
i_,

/I x‘.’-;-_._,.;t_ y_....'.__i

!
I

=]
<
I w e T
| W —E i ‘ i 1S 1
= =g t /l/4XI/4 ’.__;_l-_l
| L &1 | 1=
S S S T R .
= L OISR
=2 B e S
| Tk o=t ! = S
t
i byt o s ol : : ’
| W04 e
I b a1 e e =i
1 B s
1 g i % = =i
_-.___3 s (eI e RV e ST --..1
AP
M‘T'.9‘ BT = : ]

i
, | .
o6 L | .0,8 2t 0% = L 1 )
{ |
i

T S| P, i_.____ 2o v

MASS FLOW . RATIO, - ==z
(V) [ B : Lty

|

Fig. 8c. Influence of Hole Size on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to
Plate Thickness is Equal to Unity; M = 0. 90

“CUNFHOBN T Unclassified 53



AEDC-TR-54-65

T —— I 1 3 =
it 1 ‘ '
AT oS LU YA 1 1) | S
H ]

S e
2 BRI Rl I {52

Unclassified

l
kil
ERE

l

)

N R

— | phess. TR 4\ T 1R L LK _,_!_ - 4 1 - ! Y LT

i g 5 ..... l..; —.;

v Fatn e =

RPN S R e e R XS

| LR Lt e

| O O S

HOLE. oiAMETER X PLATE—THICKNES° R

O
£

WALL PRESSURE |DIFFE

O
o

Vo O/

]

l
SR

=

1
1

~MASS FLOW- RATIO
f

)hl.

’ (pv) E i

Fig. 8d.

54

TAERAELEITTR 5 AN =
; o Rl
= l :_.J-; e 1] | : % =4 e - _ =l ~
} L2 _| 2 t .

R i e AT

Influence of Hole Size on the Cross-Flow Characteristics of a
22. 5-Percent Open-Area Wall when the Ratio of Hole Diameter to

Plate Thickness is Equal to Unity; M =

1.00

Unclassified



Unclassified AEDC-TR-54-65
12 HOLE DIAMETER X PLATE THICKNESS ST
‘.--"‘" |“ X |" 7 2 ———:——-—-—-
g 10 \/2" x1/2" 3 SEI oy S
d|o B AL SRy
L § /8" X 1/8" 3
- 5 08 i ) B Il
w T () S 1 84
1 4
: w o LU IO IS e, S e |
| L
! e A
’, O 06 Bl ) 0
| w SR
| 5 i
m . - = —- T
2 @
| o - 04 =3 Tl BT
| o
a R
S o2 =
-02 MELTT T
—-ﬂ. 2
o— 04 06 08 o5 i3 N - )
4 i
—— ' =3 O (PV)H S
2 MASS FLOW RATIO,
7 Soili sl
02
- G

P

O A G 8 5 O A

1

Sl

Fig. 8e. Influence of Hole Size on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Wall when the Ratio of Hole Diameter to
Plate Thickness is Equal to Unity; M = 1,10

Unclassiﬁed
IRREINENIAR




AEDC-TR-54-65

\P“:h F i,
MASS FLOW mnmor pV) bbb Sl
f ' i‘"_' RE = ol
; . _____I: 1 it i ——
_____,_ R [ 3 ] __'_.’__;' i _-__'[__'F *_ ' PR
e BN g 5 HE NI eodectoo ]
i T
= e PR i
s e v (e 5 S o (9 e o 0 e
o ] ety et IO 55 ol prvey AT ¢ OO frend 1R} 2
Fig., 8f. Influence of Hole Size on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to

Plate Thickness is Equal to Unity; M = 1,175

# e

Unclassified



- |

- AEDC.-TR-54-
Unclassified o

! : { '—Fs
' = =1} _}.._. L s i
! | ! ! } =N
f | i ] i | . _.l SN
i ) 5. v e frr e L .
, ! l 1
' bl ‘ ! [ '
T = et o P R P T T ey o TR s
._...,..f,.Al.;w..: G i
{ et el ] L e b i e B =l
Ay B Ams e 1)4_,; e IS REE
L g e LY __I I TEE N l< LR ! L i 1-.:
EN; .J,_.--. S E T N A =
{

..g-Ap.
k| Qm

AR 1

@)
®

|
|-
|

T T
[ | e 1

OLE-—DIAMETER o PLATE THICKNESS

|

o
)

T T ‘f‘ ' T ‘l—_' =Tt "‘ T- I"“ i

!DIFFEREBJ,TIAL

W

-

o 4 5.

== 7

UJT

—_— —— md
i Q'l r
= :"EI’"O

EAERES

o
R

LA . MASS FLOW RATIO, i
Les T I T SR iy " (PV)o, St
lr_ L = = |
s S o) o, L0 UYL et o L e ties il JiSli ol Q4 |
e S
3 | B | e Ve
' = AaR 1= A <3 55 LS S e S P e
N am
KW 3 IR IARE T AL SRR
R S R e S o]

Fig. 9a.

Influence of Hole Size on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to

Plate Thickness i

s Equal to 0.5; M =

AN

0.75

Unclassified 1



AEDC-TR-54-65

Uncldssified
| | i i R A
=R B T R e P )
‘ I %’“'1‘; iy
£ 4 e R HEES SUNs
JE = i ;_!
A 4 i O . D) (P | S [0 "ol el el RO ) [
L S R ) MBS TP A -
i | i ' e e
{BEES a3 ofaam i Eide st
B RN e LR e e s
: ;08 |~ HOLE-DIAMETER - X PL{XTE—~TH{GKNESQ Bl :

b < - - e — l—«—.-».__»_] Ll s . fome

Fig. 9b. Influence of Hole Size on the Cross-Flow Characteristics of a
22, 5-Percent Open-Area Wall when the Ratio of Hole Diameter
to Plate Thickness is Equal to 0.5, M = 0, 80

Unclassified




~PONFIDENTART Unclassified AEDC-TR-54-65

al 8 = T = ==
d|o el ! _
2001 HOLE—DIAMETER. X PLATE| THICKNESS- .~ . - .
g ' ' = L ‘[ _i
e — e 2N X : e o i B
L = | 1
& .06 i :
[T = I
(60 1
_ 3 S 15
w‘ " llli —T -' i _:
'. 2 &l oa T 2 -t Y
I 8 - _4' ST b =
BT w - Hirs il e
a
| a W
= LoLplop S s Sl m b
i | | !
g | i e |
| = i S bl =F 1
_-.02 ; M =5 ol
i) 10 12
24 (PV) SRR
<1 . PV i ==k AR S | L
MASS FLOW RATIO,; pv)h
e — L a0 £ 8 - e a el |
. !
i 1
vl ! @iy .
: !
e | F il
= Tali gk " Er
i o

Fig., 9c. Influence of Hole Size on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall when the Ratio of Hole Diameter to
Plate Thickness is Equal to 0.5; M = 0,90 Unclassified

CTREDENTIN >



AEDC-TR-54-65 Unclassified TONFIOENTHN-

1..
]
|
i—-.

.
—d

s T s

s i B S50y LI Mt DI A LN R

HItHT RL i
segadlocll ot add

Fig. 9d. Influence of Hole Size on the Cross-Flow Characteristics of a
22. 5-Percent Open-Area Wall when the Ratio of Hole Diameter
to Plate Thickness is Equal to 0.5; M = 1,00

60 S l.!t_“?‘a‘~-"$med




— AEDC-TR-54-
Unclassified Ll

rflrrsi -SSR Sl Man |
1 AT

10 ---HOLE DIAMETER X PLATE THICKNESS ——i— i e
A : _:' =
al g 22X ST e
q o / \ | . | 1
.- 08 . L
= | .
= \
= 1" W i B s R
z /4" X 1/2° =
5. 06 ] o T o
[V
v
o 3 L z s
o
—& 104 == o hi B
0 £
7]
ol 3 it
o
.-

Se= U8 — N D o R
- : !
3
L3 it ) o A e t

-02 M=ILI ' '

& 04 06 08 10§
——&p =40 '
- MASS FLOW RATIO, —
B _02 T 3
s g B NP 15 0
{
T A Rk NS TSRS SN
‘ G T S e e S Sl B SRR
+- —_— - l l
Fig, 9e. Influence of Hole Size on the Cross-Flow Characteristics of a

22,5-Percent Open-Area Wall wherrthe Ratio of Hole Diameter
to Plate Thickness is Equal to 0.5; M =l1}'|\18|aSSiﬁed

SRR b



|
1
l
T
i
i
|

. + T 1 “. —
TS EER e AT A TR el it G RSt I BB G ]
I P £ siafisio i 5
i \ Al HERRHIE L 1B sl LA
..... oy _ Jl _ A s .L ._ _ .
i i | 6T ik il
T ? it e i
14 3 s : il &
ki bbbl ks :.'_ 1 g e
e TR e L i gt TS foitlet n..q., HE
e ; 1l o R R TR
-&Wﬂ“ I 1 : um ! 1m i T JHpsEe ! o 1l
Ty e s I CEC i i s s e i s 3
i : B
ST
e i D

t
\

ety ||

i
1
i

= 0g 7

!

- 7}
i
|

7R
|
!
|
!

-114.'.")(.}' F

i ‘j_
!
i

{

!
]
|
I
o T

|
]
|

Unclassified

AEDC-TR-54-65

|

|

|

06
MASS FLOW RATIO
i
!
- i e

i
!

g
/
=

eib -{-

!
[

- PRSI SELED R D ==,
.

|

HOLE DIAMETER X PLATE

{
|
= 1 1

T
T e
|

22.5-Percent Open-Area Wall when the Ratio of Hole Diameter
to Plate Thickness is Equal to 0.5; M = 1,175 Unclassified

Influence of Hole Size on the Cross-Flow Characteristics of a

|
=02
e
s
Fig. of

e 1 e | 1 f
_ " _ _ ! ! ~ !
. . Y o4, R Jeiz o 2 RPN e f oy e e 5 + -
i WA * 1 ! . _ |
| ; { ~ail H ot b _ i 1} ~
“ !

62



| |'
| ~-02 04 0608 .. 0.\ [ |
| | } b
— 4 L e - s - v\ i i EEUS
e MASS FLOW RATIO, b 1
e —— -02——-—- - ok L T e i
: e St : ! -,.%.. i i i few Ll Y 5 d
— = = o = e mm —t- - ;
- N ]
= 2T M =) Rk 2 T, 0 o : ._.'- Iwficdei |=
i T A 1
= . S T S
S g o T = ) s O
1 | i 5 | i =
S . — - T : H . ; !

Unclassified

—%

- - * g . - - v - - T
'
| X
— ! . 1 .

— PERFORATED WALLS
225 % OPEN AREA
/16 IN. WALL. THICKNESS

AEDC-TR-54-65

N = S
1 PRETEES !  TR ik =i
Al T N} [ e 1 T
l T ¥ T -E' !’ =
L AT R Wi, I
W i
It T e o
T S A by S
l I =
-+ 1 o i r
! 35 T
=
=12 1 ¢ LA
| L l
L

R

[= ; s ! ...: 4
< l = i | y
AT e R Ty, A P
Ll =t L e MACH-NO.
L] i T A R e R o ‘
S e e
T 3 5 s A R | éj;f—-%——o_%—%. =
S ' e 'i“":"lo—r—”—'»—'r— e L
R it P = A Lo ' S s = =T
w - - o a — _.._.3 = <I.i7 = i
_E_E_“ Bl-w ) 8= by | @ - 1___ __f) =] :,?g 1
il EEE TR | e
1 ._lA ? = S ‘-—-—?—'v ~—~—--
i-»aji o EHIGHIE TE T---(.);A&? Rt B G i
= A & g DB]‘ P e S T SR

10a.

Influence of Mach Number on the Cross-Flow Charactleristics of a

22.5-Percent Open-Area Wall with Various Hole Diameters and 1/16-

Inch Plate Thickness;

1/16-Inch Hole Diameter

ified
Unclassifi i3



AEDC-TR-54-65

Unclassified

IF

] TBE T i B
| L] R

' i Rrtizi®, 1 ! i LT
P T S T RIS ' i & | T T BRI
i 4 -1 !' SR TR g ; IR BT I .' .
O ] O I ; 4 -.—4: ' = 3 bahys . o
; e R R B
P 4 ——— PERFORATED - WALLS. : ; S SR S
T LR T L ibd atoriomen iRl sl e B L s g e B
| | e | 1/16 IN. WALL THICKNESS | - i s TR e

o2t ! s b 12zt i : = | 3 I ___E g e e
e e o T ="t P e Nl T s e e [ e e
EEEE e B CRlET S o e e E
3 T‘ 4 O8 7l i i —'——]_“%" =3 o L ] (T = :;“;.
N e S R S
R BTy FEE e SR A e e e e R R

=0 |— e et ; s T R S s
e Ee N e e s S S e e
EEE - S EEan Smeid B e
i I - : T
e

8
| @

Y s 34 0T

T

i

l
S!SURE

‘.

WALL PRE

O |
H

SRElSEENEEEFE RS T
. 3 SE St T s
A | s i_l*_w.I}._-f'i«"‘; R
: K > 355 e i :
= s TE SR R N -i
R s et eyl 3 —1MACH NO., — -

. 06

EEd

_MASS FLO

W R
=Y i

|- !
ATIO; =D

(p¥)

Fig. 18b,

i B = S 5l it " PV :
i DR s el el Y s Ll e e i 0t (o0 s e o] M o o I
' ': ! il 1 1 et P o [
ClESEr e e : 5 s e [
EREIN e ; ] R R N
T Tt | } % ) et | I S e
e F 5 i e
R s b o S0 e

Influence of Mach Number on the Cross-Flow Characteristics of a

22.5-Percent Open-Area Wall with Various Hole Diameters and 1/16-
Unclassified

Inch Plale Thickness;

64

BRI TE

1/4-Inch Hole Diameter



Unclassified

) e T 5 T T o T i
s S iy - 8 o il T 1 _t _ut}
i { | ) '
5 e '
o —— rﬁ.—:b — +
[l | )’
f o TR e Sk 1 ' u :
P oishsegies ol prprophrep lwaids sl Ty
| ' 225 %, OPEN AREA
BET : | 1/16 IN. WALL THICKNESS
iR | dit= L Y ,
{ {

e +-

+

b -
f— - P

o -

— -

AEDC-TR-54-65

|
/2 IN. HOLE DIAMETER

TR M e
' D&f’oo T MASS FLOW RATIO, T

06 08

L IO,

10 12

Influence of Mach Number on the Cross-Ilow Characteristics of a

= 1
Bl A o R % N ! i ST r { —
HAZE T B R E AR AR e
B il i e i N N T A s e i , ==
1 Lc—"j 08 B AL '“'] = _Jl:_” o I = = WL I—_'_‘!
_w?_. = 4 T ERES G M S EREstE | ) Ciet |
S B BN S S s s =) e
ral s i - - i i e j
i | | . |
——@,——7---‘ it 3——.———(19-“” MACHRNOj-- i
! élz--imoes R = i e B =5
== = oL CEERR e SRR
S T [ Sy Mol ] SEH ' R TR e )
il b= ] o 90 |
d dl e - I UL ST SR A FaN | O - =
=21 04 LuctiiLh 3, 32 R ! ~ a2l i ) P I s
T N e e i e e o R o Ok hrb— e
! i e e e 1 i
S 2, l “
£ i LS R " i = { o =l L 3=

22, 5-Percent Open-Area Wall with Various Hole Diameters and 1/16-

Inch Plate Thickness;

1/2-Inch Hole Diameter

Unclassified



AEDC-TR-54-65 Unclassified

T N 0 Y B
et B ==

1 . .
d AL L AU XD 0105 ] bt

= e s e

silE Jise : H

= JIEAE | ;e
g SRR B
i S il | S I

o e SR SRR S S e
= ': | Ter i i"— ] -i 5 i' :
REAES S 1 B —E 1A 5 B il
i EREs e e % TR ~-o g TEEEs i -Zf|.".-~"*§ { :
=11 ¢ L= H = e =t 1 e e T B Tk oo A =
,__i_—_q H . — = e [ [0 LT '.."l—:_:,_:__'_j - g
. 1ol g Ei ] i e s A e e e e
| = i 2 0 e S
...._'._"»j'.:

a b LIRS HT_':. sofs

RE DIFFERENT!
1

O
(40]
i
¥ &._‘__ )

-__—'f, ! 2—;’; t S | : — ~9 St
— —& , ] : o .80 =~
- w ) | h 4 i
06— = IOA — 9190
Bia STE = Exdunoan o
L. i | : i | | * } . Ll lll
i R =] | SRS SR g i R et
s - o e S e = L =
R R e EEer e LR e
SR e RESTREEy T R e RS e
= Z R e I e
e | T :

) o 1 e
e =i a0

= L,e;-_5._:_;;‘;_'_i:_':i-"i.g.'.'j' eEa
B EE "7n° %i S A R o 2o EN
l = '

: i | |
_ L sl A
! ol ¢ L ! (Pv)m \ ! |
R il A i . i
it s o Bl e B | . ’ | -
C_ _AI,._"_.(_E e X i [0 Py P e ‘ ! ! R | ! _l_.
i | I i i 1 | i \

R e e SRR eiEe (5 P 3 e R B RRT
Spiaitiie eetE s aee |
Fig. 10d. Influence of Mach Number on the Cross-Flow Characteristics of a
22.5-Percent Open-Area Wall with Various Hole Diameters and 1/16-
Inch Plate Thickness; 1-Inch Hole Diameter

~ TR

b Unclassified




